Summary.-The survival time of mice after i.v. injection of the cancerostatic lectins, abrin and ricin, was recorded. The LD50 dose was found to be 10-13 ng and 55-65 ng per mouse for abrin and ricin, respectively. Increasing amounts of toxin reduced the survival time, reaching a minimum of about 10 h. Lactose injected with ricin, provided partial protection against ricin, as measured by the survival time.
THE TOXIC plant proteins, abrin and ricin, have been shown to inhibit the growth of Ehrlich ascites tumour cells in mice, and of cervical carcinoma in humans (Lin et al., 1970b; Tung, Hsu and Lin, 1971) . The biochemical mechanism of action of these toxins has recently been elucidated. They both inactivate 60S ribosomal subunits, resulting in inhibition of protein synthesis and eventually in cell death (Benson et al., 1975; Sperti et al., 1973) . This toxic action is associated with only one of the two constituent peptide chains of the toxins (the A-chain or " effectomer ") which inhibits protein synthesis in cell-free systems. The other peptide chain, (the B-chain or " haptomer ") has lectin properties and binds to cell surface glycoproteins containing terminal non-reducing galactose residues (Olsnes, Heiberg and Pihl, 1973; Olsnes and Pihl, 1973a, b; Olsnes, Refsnes and Pihl, 1974) . This binding, which is necessary for the toxins to exert their effect on cells in culture, is prevented by lactose, which strongly reduces the effect of abrin and ricin (Olsnes, Refsnes and Pihl, 1974;  Pappenheimer, Olsnes and Harper, 1974) .
In the present paper we have studied the toxicity of abrin and ricin in mice and their tissue distribution and elimination after i.v. and i.p. injection. Such studies were found necessary for subsequent tests of the cancerostatic properties of abrin and ricin against various types of experimental tumour.
MATERIALS AND METHODS
Animals.-Male B6D2 mice weighing 22-26 g were used.
Toxint.-Abrin and ricin were extracted from seeds of Abru precatorius and Ricinus communis and purified to homogeileity as described earlier (Olsnes and Pihl, 1973a, b) .
Jodination of toxins.-Abrin and ricin were labelled with 1 251 using the lactoperoxidase method, essentially as described by Marchalonis, 1969. Briefly, 62 /tg abrin or 81 ,uzg ricin were mixed with 5 pu lactoperoxidase (0.5 ,ug/ml), 5 tul of 2-2 x 10-9M
H202 solution, and 0-8 mCi Na 1251 (New England Nuclear Chem. GmbH, Dreieichenheim, Germany) in a volume of 100 yd of 0-2M Na-phosphate (pH 7.3). The reaction mixture was kept at room temperature for 45 min and then filtered through a Sephadex G-25 column (15 ml), equilibrated with 01M Naphosphate (pH 7.5). Fractions of approxmately 2 ml were collected and the absorbance at 280 mn and the radioactivity in each fraction were measured. The sp. act. of the iodinated toxins were found to be 517 pCi/ng for abrin, and 640 pCi/ng for ricin. Analysis of the labelled toxins by electrophoresis in the presence of sodium dodecyl sulphate demonstrated that both the Aand the B-chain were labelled, the B-chain containing somewhat more '251-label than the A-chain. To reduce radiation damage to the toxins, they were diluted with 50 mm Na-phosphate (pH 7-1), 0-14M NaCl, containing 15' jug/ml of bovine serum albumin in the case of abrin and 100 jug/ml bovine serum albumin in the case of ricin. The final concentrations of the toxins were 40 ng/ml (abrin) and 170 ng/ml (ricin). Both labelled and unlabelled toxins were stored at -20°C.
Varying doses of the labelled toxins were injected i.v. into mice and the survival time was measured. The values observed with the labelled toxins were identical with those given in Fig. 1 for the native toxins indicating that the labelling procedure had not altered the biological activity of the toxins.
Determination of Radioactivity in Tissues.
-For determination of total radioactivity, different organs were removed, weighed, homogenized in 0-15 M KOH (total volume 10 ml), and the radioactivity was measured in an Interteqnique CG 30 Auto-Gamma spectrometer.
In experiments where attempts were made to identify the labelled substances in the tissues, the various organs were homogenized in 2 ml 0-14M NaCl, 20 mm Na-phosphate (pH 7.1). One ml of the homogenates was extracted with 3 ml of 6-7% (w/v) tri-29 chloroacetic acid at 20°C for 1 h. The suspension was centrifuged, and the radioactivity in the pellet and supernatant was measured. Other samples of the homogenates were centrifuged for 5 min at 3000 g to remove the nuclei, and 100 ,ul fractions of the supemnatant were made up to contain 0-5M sucrose and, 400 sodium dodecyl sulphate and submitted to polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulphate. After electrophoresis, the gels were cut into pieces and the radioactivity in each piece was measured as earlier described .
RESULTS
Toxic effect of abrin and ricin in mice Increasing amounts of abrin and ricin were injected i.v. into mice, and the survival time was recorded. As shown in Fig. IA and B, the survival time decreased with increasing amounts of toxin until a minimum of 10 to 11 h was reached. Even very large doses of toxin failed to cause death in less than 10 to 11 h. In the range of 20 to 300 ng/mouse of abrin, and 75 to 750 ng/mouse of ricin, small differences in the amount of toxin resulted in large differences in survival time of the animals. For any given amount of toxin the survival time was remarkably reproducible. The exact LD50 was not established. However, the data showed that the LD50 for abrin was between 10 and 13 ng, and for ricin between 55 and 65 ng. Thus, in the experiment shown in Fig. 1 (Fig. 2C, D) . In the lungs the radioactivity was high shortly after the injection and then declined rapidly. Lower radioactivities were found in kidneys, heart, liver, thymus, the small intestine and blood. When the total radioactivity per organ was calculated, by far the greatest percentage of the abrin dose was found in the liver, followed by blood, lungs, spleen, kidneys and heart. After i.v. administration of ricin, the highest concentration of radioactivity was again found in the spleen (Fig. 3C, D) . However, in this case the relative concentration in liver was considerably higher than with abrin. In fact, the total amount of ricin radioactivity in the liver was initially close to 500o of the injected dose, and the radioactivity in the liver declined much more rapidly than was the case with abrin.
After i.p. injection (Figs. 2A, B and 3A, B) the distribution of toxin in the different organs was similar to that observed after i.v. injection. However, the uptake in most organs occurred more slowly, and in most organs the radioactivity was lower than after intravenous administration, except in the blood, where the radioactivity was almost the same in the two cases.
Because of the inhibitory effect of lactose on the toxicity of ricin (shown in Fig. IB) , it was of interest to study the effect of lactose on the organ distribution of labelled ricin. The results are shown in Fig. 3E and F. When ricin was mixed with lactose, almost 80% of the injected radioactivity was found in the liver 30 min after injection, compared to 4800 when ricin was injected alone. Concurrently the amount of radioactivity in spleen, kidney and lungs was only about 2/3 of that in the absence of lactose, and also the level in the blood was slightly reduced. The results demonstrate that lactose has a pronounced effect on the organ distribution of ricin. In the presence of lactose, the binding of the toxin appears to be inhibited in some tissues, with the consequence that the major part of the injected dose appears in the liver (see Discussion).
The results demonstrated in Fig. 2 
Elimination of labelled toxins
The examination of the faeces and of urine samples withdrawn from the bladder with a syringe before the mice were killed revealed that considerable amounts of radioactivity were excreted in the urine, whereas no activity appeared in the faeces.
To gauge the rate of elimination of toxins, the total radioactivity remaining in living mice at different periods of time after injection of labelled abrin or ricin was measured. The results of one experiment (shown in Fig. 4 ) demonstrate that ricin is eliminated much faster than abrin. Thus, in the case of ricin, the radioactivity disappeared almost completely after only 10 to 20 h, whereas in the case of abrin the radioactivity was still comparatively high even after 40 to 50 h. In a second experiment closely similar results were obtained. The radioactivity in the urine increased considerably about 5 to 7 h after injection of labelled ricin and to a lesser extent after injection of abrin. In the latter case the radioactivity in the urine was small, in agreement with the finding that the tissue levels of labelled abrin decrease very slowly compared to the level of ricin. Injection of lactose together with ricin did not change the rate of excretion of radioactivity in the urine.
To see whether the radioactivity was excreted as proteins or as low mol. wt. degradation products, the urine was made up to contain 20% trichloracetic acid and then centrifuged. Almost all the radioactivity was found in the supernatant, and less than 1% in the precipitate. Clearly, only very small amounts of toxic proteins were excreted as such. The fact that only a small fraction of radioactivity recovered from various organs was present in degraded material, indicates that after degradation of the toxins, the labelled material is rapidly excreted in the urine.
DISCUSSION
The distribution of labelled abrin after injection into mice has been studied earlier, with results different from those obtained in the present study (Lin et al., 1970a) . However, in the earlier experiments a major part of the labelled toxin had clearly been inactivated during the labelling procedure, as the toxicity of the labelled product was much lower than that of the unlabelled compound. In the present experiments the labelled toxins were shown to retain their full biological activity.
The data here presented show that after i.v. injection of lethal doses of abrin and ricin the survival time of the animal may be predicted with surprising accuracy. The cause of death is not clear, but is probably due to the inhibition of synthesis of some vital protein. Data similar to Fig. 1 have previously been obtained with diphtheria toxin which also inhibits protein synthesis (Baseman et al., 1970) .
Both toxicity and the organ distribution of labelled ricin were changed when lactose was injected together with the toxin, indicating that lactose prevents or delays the binding to vital tissues which are particularly sensitive to the toxin. Under these conditions the toxin accumulates in the liver. A possible explanation is that blood lactose will be metabolized in the liver, and that hence more toxin will be available for binding and uptake in the liver tissue.
Fractionation of the radioactivity showed that in the tissues the predominant part of the radioactivity was present as intact toxins, whereas in the urine almost all the activity was present in low mol. wt. form. The data indicate that the degradation products of the toxins are rapidly excreted in the urine. In view of the fact that the intact toxins are very resistant to treatment in vitro with various proteolytic enzymes (Olsnes et al., 1976) , while the isolated chains are considerably less resistant, it seems probable that in the tissues the toxins are degraded after reduction and separation of the chains. The data indicate that ricin is eliminated much faster by the mouse than abrin.
On the basis of the organ distribution of toxin found after i.v. injection of abrin and ricin a cancerostatic effect would particularly be expected on tumours in spleen, lungs and kidneys. However, the possibility cannot be excluded that tumour tissues may differ widely from the tissues of origin with respect to uptake and metabolism of the toxins. This work was supported by the Norwegian Cancer Society.
